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Abstract. In order to enhance the sustainability in the supply chain, its members 
should define and pursue common objectives in the three dimensions of the 
sustainability (economic, environmental and social). The Agri-Food Supply 
Chain (AFSC) is a network of different members such as farmers (producers), 
processors and distributors (wholesales, retailers…), etc. In order to achieve the 
performance objectives of the AFSC, Industry 4.0 technologies can be 
implemented. The aim of this paper is to present a classification of these 
technologies according to two criteria: objective to be achieved (environmental 
or social) specified in the main issues to be covered in each objective and member 
of the AFSC supply chain where it is implemented. In this work, we focus on 
technologies that deal with environmental and social sustainability because 
economic sustainability will depend on the specific characteristics of the business 
(a supply chain using a specific Industry 4.0 technology may be profitable while 
others do not). 
Keywords: sustainability, performance, agri-food supply chains, Industry 4.0. 
1   Introduction 
As [1] point out, Industry 4.0 has become an “integration factor” for various new 
technologies towards a new generation of more efficient, agile, and sustainable 
industrial systems where collaboration issues are at the heart of most challenges of this 
movement. Collaborative networks community is a field for the analysis and 
development of Industry 4.0 knowledge [1-2]. The term “Industry 4.0” comprises 
several technologies as Internet of Things (IoT), Big Data, Artificial Intelligence, 
Virtual Reality, 3D Printing, Cyber Security, etc. [3]. 
   On the other hand, Sustainable supply chain management is defined by [4] as ‘the 
management of material, information and capital flows as well as cooperation among 
companies along the supply chain while taking goals from all three dimensions of 
sustainable development, i.e., economic, environmental and social into account which 
are derived from customer and stakeholder requirements’. Thus, the supply chain 
members should define and pursue common objectives in the three dimensions of the 
sustainability. The sustainability performance of the supply chain will be monitored by 
the achievement of all these objectives.  
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 The Agri-Food Supply Chain (AFSC), as any other supply chain, is a network of 
different actors working together in different processes and activities in order to bring 
products and services to the market, with the purpose of satisfying customers’ demands 
[5]. Different actors can be considered depending of the AFSC type. The most complex 
AFSC would include farmers (producers), processors and different tiers of distributors 
(wholesales, retailers…). Simpler AFSC would substitute the processors by different 
types of traders. These actors perform different activities, such as growing, harvesting, 
storing, processing, washing, sorting, grading, packaging, labeling and distributing, etc. 
However, AFSCs hold some relevant characteristics that characterize them [6]: limited 
shelf-life, high levels of uncertainty and increasing awareness in environmental and 
social aspects. 
In order to achieve the performance objectives of the AFSC, Industry 4.0 technologies 
can be implemented. The aim of this paper is to present a classification of these 
technologies according to two criteria: objective to be achieved (environmental or 
social) specified in the main issues to be covered in each objective and member of the 
AFSC supply chain where it is implemented.  
The paper is structured as follows. Section 2 presents the background. Section 3 
presents the main issues of environmental sustainability in AFSC and Industry 4.0 main 
technologies to enhance its performance. Section 4 presents the main issues of social 
sustainability in AFSC and Industry 4.0 main technologies to enhance its performance. 
Finally, in the last section, conclusions are exposed. 
2   Background 
Industry 4.0 is a field of growing interest at both practitioner and academic levels 
but is still in its initial stage of development and implementation. Previous literature 
reviews propose different classification frameworks. [7] expose a literature review on 
Industry 4.0 technologies for manufacturing processes to identify theoretical and 
methodological approaches. Some recent literature reviews link Industry 4.0 and 
sustainability concepts. [8] present a review of works that assess the relation between 
Industry 4.0 and specific objectives of the three dimensions of sustainability (economic, 
environmental or social). [9] analyze the environmental impact and challenges of 
Industry 4.0 from four different scenarios: deployment, operation and technologies, 
integration and compliance with the sustainable development goals, and long-run 
scenario. [10] develop a review of works to show the impact of Industry 4.0 
technologies on environmental sustainability but limited to waste collection issue. 
Other related works are [11-13]. In these works, it is observed that there is a lack of 
studies focusing on providing a framework addressing the intersection of the following 
components in AFSC: AFSC members, environmental and social sustainability issues, 
and Industry 4.0-based technologies. Therefore, the aim of our work is to focus on how 
these technologies can enhance AFSC environmental and social issues, respectively, 
depending on the AFSC main actors (farmers, processors and distributors). Due to 
space limitations, social issues will be more extensively deployed than the 
environmental ones.  
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3   Industry 4.0-based technologies for environmental sustainability 
Environmental sustainability performance is approached in various ways in the 
literature. Some authors distinguish between input and output oriented indicators. 
Others classify them into different categories such as procurement, internal operation 
and product development. Using the works [14-17], we consider as the most relevant 
environmental sustainability issues: soil management, crop protection, water 
management, animal welfare, energy efficiency, waste control and pollution control.  
Table 1 shows how Industry 4.0-related technologies can enhance soil and waste 
management issues. Table 1 is an adaptation from [18]. 
 
Table 1. Industry 4.0-based technologies for environmental sustainability of soil and waste 





1) Aerial drones to map weeds, yield and soil variation; 2) Performance maps that allow to 
know the performance of the soil in a certain area thanks to georeferenced images of the soil; 3) 
Robots capable of microdot application of fertilizer; 4) Smart tractors GPS controlled steering 
and optimized route planning to diminish soil erosion and saving fuel costs.  
Waste Management 
REF Farmers Processors Distributors 
[22-24] 
1) ICT to the deployment of 
“production on demand” 
business models; 2) Precision 
agriculture leveraging 
technologies for decisions 
related to planting and 
harvesting time.  
  
1) Intelligent equipment 
enables quality detections in 
the process, reducing the 
number of failures and 
material consumption; 2) 
Cloud computing platform to 
share data with suppliers to 
synchronize orders and 
shipments and reducing stock. 
1) Artificial intelligence 
applied to consumers trends to 
reduce waste; 2) Automatic 
control of temperature to 
reduce product spoilage; 3) 
Point of sale applications that 
collect and transmit information 
at the point of sale in real time 
by reading their respective 
barcodes.  
4   Industry 4.0-based technologies for social sustainability 
Social sustainability performance is also approached in various ways in the literature. 
Although social standards such as ISO 26000 and Social Accountability SA8000 are 
well-known among companies, there is a wide spectrum about the different issues that 
must be taken into consideration to manage and measure this social performance, 
mainly due to their intangible nature. Using the works ([6], [25-27]) we use as the most 
relevant social sustainability issues: employment, work conditions, safety, health, 
nutrition, traceability and community engagement. Table 2 shows how Industry 4.0-
related technologies can enhance each one of the previous issues, affecting the overall 
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social sustainability performance of a generic AFSC. It has to be noted that the literature 
regarding social sustainability technologies so far is not so extent as the literature 
dealing with environmental technologies.  
 
Table 2. Industry 4.0-based technologies for social sustainability   
                     
Employment 
REF Farmers Processors Distributors 
[28-29] 
1) Cooperatively used 
farm-monitoring 
technology of agriculture 
might influence 
employment opportunities 
and job profiles of farmers 
and farming related 
professionals. 
1) Digital technologies to 
automate some tasks where 
labor is difficult to hire. 
1) ICTs for better employee 
education, integration and 
inclusion, work enrichment, 
and better work-life balance. 
Work Conditions 
REF Farmers Processors Distributors 
[30] 
1) ICT tools to lower 
administrative workload, 
enhance regulatory laws, 
allow “hands-free” 
reporting automation and 
make work/life balance 
for farmers easier; 2) 
“Farmer-friendly” 
technologies designed 
taking into account the 
final client. 
1) Intelligent assistance 
systems can simplify some 
tasks providing some 
previously unknown 
information (e.g. 
augmented reality glasses); 
2) Intelligent assistance 
systems, such as Learn 
instruments, can make 
work more ergonomic 
simplifying it.  
1) ICT application in non-
automated transportation 
activities can provide digital 
information that can help to 
make more ergonomic and 




REF Farmers Processors Distributors 
[31-33] 
1) Smart Devices 
implemented in tractors 
that send alerts when they 
detect immediate 
overturning risks; 2). 
Drones used in the fields, 
enabling farmers to 
control growth in a 




in processes controlled by 
ICT to reduce pollutants 
and noise. 
 
1) Intelligent tachograph that 
allows the driver to book 
parking, cancel telematics tolls 
in advance and helps reduce 
unnecessary stops by traffic 
agencies; 2) GPS that allows 
trucks drivers remote access to 
data (speed, distance…) on 
work time, avoiding delays and 
helping to meet the delivery 
time. 
Health 
REF Farmers Processors Distributors 
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[34-35] 
1) ICT tools to make 
farmers more aware about 
consumer eating habits, 
and how their sold 
products are perceived 
and performed in the 
market place; 2) The use 
of the IoT to maintain 
healthier crops and 
optimize the use of 
fertilizers and pesticides. 
1) Automated machines to 
perform dangerous, dirty 




1) Intelligent packaging that 
has sensors in each package for 
sending real-time data on the 
status of the products via 
cellular network or wifi to a 
platform for processing and 
analysis; 2) Intelligent 
processing tools for making 
consumer habits more 
understandable and having a 
better feedback from them.  
Nutrition 
REF Farmers Processors Distributors 
[36-37] 
1) Application of genetic 
modified crops to 
improve food production 
and nutrients. 
1) Use of High Intensity 
Ultra-Sound technology to 
induce some changes in the 
nutritional profile of some 
beverages. 
1) Food testing devices and 
freshness sensors to supervise 
and prevent products to loss 
their nutrients.  
Traceability 




(GIS), global positioning 
systems (GPS) and 
remote sensing (RS) 
integration to allow site-
specific agriculture and 
obtain agriculture 
products-related data on 
the farm. 
 
1) Life-cycle improvement 
technology and food 
processing technology. 
 
1) Logistics tracking 
software; 2) ICT tools 
providing consumers with more 
complete, transparent and 
reliable information on food 
composition, origin and health-
related issues (e.g. 
intolerances). 
Community Engagement 
REF Farmers Processors 
[41-42] 
1) Blockchain technologies to check sustainable 
performance indicators such as the resources origin or child 
labor conditions; 2) Online networks to facilitate direct 
delivery between farmers and market place points (e.g. 
Food-hub.org and LocalHarvest.org programs). 
1) ICT-based business models 
to encourage engagement 
among regional supply chains 
(e.g. online shopping)  
5   Conclusions 
Sustainability in the supply chain is a topic of high interest in business and academic 
literature. Sustainability is composed of three dimensions: economic, environmental 
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and social sustainability. Supply chains pursuing sustainability must define common 
objectives (in these three dimensions) to be reached by the different members. 
The accomplishment of these objectives in AFSCs can be supported by the 
introduction of Industry 4.0 technologies. Specifically, different Industry 4.0 
technologies can be used to support specific issues within sustainability dimensions. In 
this work, on the one hand, we have selected as environmental issues: soil management, 
crop protection, water management, animal welfare, energy efficiency, waste control 
and pollution control. On the other hand, we have defined as social issues: employment, 
work conditions, safety, health, nutrition, traceability and community engagement.  It 
has to be noted that in this work, we focus on technologies that deal with environmental 
and social sustainability because economic sustainability will depend on the specific 
characteristics of the business. Once the environmental and social issues have been 
defined, the different Industry 4.0 technologies have been associated to each issue and 
to the different members (farmers, processors and distributors) of the supply chain.  
In the literature, there are less Industry 4.0-related technologies explicitly reported for 
dealing with social sustainability issues than in the environmental case, probably due 
to the different nature. There is still a need to develop further both environmental and, 
especially, social technologies that improve the sustainability performance of AFSCs 
in order to improve efficiency and competitiveness. 
Acknowledgements. This work has been funded by the Project GV/2017/065 
“Development of a decision support tool for the management and improvement of 
sustainability in supply chains” funded by the Regional Government of Valencia. 
Authors also acknowledge the Project 691249, RUC-APS: Enhancing and 
implementing Knowledge based ICT solutions within high Risk and Uncertain 
Conditions for Agriculture Production Systems. 
References 
1. Camarinha-Matos, L.M., Fornasiero, R., Afsarmanesh, H.: Collaborative networks as a core 
enabler of Industry 4.0. In: Camarinha-Matos, L.M., Afsarmanesh, H., Fornasiero, R. (eds.) 
PRO-VE 2017. IAICT, vol. 506, pp. 3–17. Springer, Cham (2017).  
2. Stich V, Gudergan G, Zeller  V.: Need and Solution to Transform the Manufacturing Industry 
in the Age of Industry 4.0 – A Capability Maturity Index Approach. L. M. Camarinha-Matos 
et al. (Eds.): PRO-VE 2018, IFIP AICT, vol. 534, pp. 33–42, 2018. Springer Nature 
Switzerland (2018). doi.org/10.1007/978-3-319-99127-6_3. 
3. Flores, M, Maklin, D, Golob, M,  Al-Ashaab A, Tucci, C.: Awareness Towards Industry 4.0: 
Key Enablers and Applications for Internet of Things and Big Data. L. M. Camarinha-Matos 
et al. (Eds.): PRO-VE 2018, IFIP AICT, vol. 534, pp. 377–386, 2018. Springer Nature 
Switzerland (2018). doi.org/10.1007/978-3-319-99127-6_32. 
4. Seuring, S., Müller, M.: From a literature review to a conceptual framework for sustainable 
supply chain management. J. Cleaner Prod, 16, 1699–1710 (2008). 
5. Prima, W.A., Xing, K., Amer, Y.: Collaboration and sustainable agri-food supply chain: a 
literature review. MATEC, 5802004 (2016). 
<Paper title> 7 
6. Pérez, D., Alarcón, F., Drummond C., Ortiz A.: Towards a Sustainable Agri-food Supply 
Chain Model. The Case of LEAF. In: Ortiz Á., Andrés Romano C., Poler R., García-Sabater 
JP. (eds) Engineering Digital Transformation. LNMIE. pp. 333-341, Springer (2019). 
7. Savastano, M., Amendola, C., Bellini, F.,  D’Ascenzo, F.: Contextual Impacts on Industrial 
Processes Brought by the Digital Transformation of Manufacturing: A Systematic Review. 
Sustainability, 11, 891 (2019). 
8. Varela, L., Araújo, A., Ávila, P.: Castro H and Putnik G.: Evaluation of the Relation between 
Lean Manufacturing, Industry 4.0, and Sustainability. Sustainability, 11, 1439 (2019). 
9. Bonilla, S.H., Silva, H.R.O., da Silva, M.T., Gonçalves, R.F., Sacomano, J.B.: Industry 4.0 
and Sustainability Implications: A Scenario-Based Analysis of the Impacts and Challenges. 
Sustainability, 10, 3740 (2018). 
10. Bányai, T., Tamás, P., Illés, B., Stankeviciute, Z., Bányai, A.: Optimization of Municipal 
Waste Collection Routing: Impact of Industry 4.0 Technologies on Environmental 
Awareness and Sustainability. Int. J. Environ. Res. Public Health. 16, 634 (2019). 
11. Lin, K.C., Shyu, J.Z., Ding, K.: A Cross-Strait Comparison of Innovation Policy under 
Industry 4.0 and Sustainability Development Transition. Sustainability, 9, 786 (2017). 
12. Kamble, S.: Sustainable Industry 4.0 Framework: A Systematic Literature Review 
Identifying the Current Trends and Future Perspectives. Process Safety and Environmental 
Protection Transactions of the Institution of Chemical Engineers, Part B., vol. 117, pp. 408–
25, Institution of Chemical Engineers,  (2018). 
13. Franciosi, C., Iung, B., Miranda, S., Riemma, S.: Maintenance for Sustainability in the 
Industry 4.0 context: a Scoping Literature Review. IFAC-PapersOnLine, vol. 51 (11),       pp. 
903-908 (2018). 
14. Bocken, N.M.P., Short, S.W., Rana, P., Evans, S.: A literature and practice review to develop 
sustainable business model archetypes. J. Clean. Prod. 65, 42-56 (2014) 
15. Bourlakis, M., Maglaras, G., Aktas, E., Gallear, D., Fotopoulos, C.: Firm size and sustainable 
performance in food supply chains: Insights from Greek SMEs. Int. J. Prod. Econ., 152, 112-
130 (2014) 
16. Garbie, I. H.: An analytical technique to model and assess sustainable development index in 
manufacturing enterprises. Int. J. Prod. Res., 52(16), 4876–4915 (2014) 
17. Beier, G., Niehoff, S., Ziems, T., Xue, B.: Sustainability aspects of a digitalized industry - A 
comparative study from China and Germany. Int. J. Precis. Eng. Manuf. Green Technol., 4, 
227–234 (2017). 
18. Pérez, D., Verdecho, M.J., Alarcón, F: Industry 4.0 for the development of more sustainable 
Decision Support Tools for Agri-food Supply Chain Management. 13rd International 
Conference on Industrial Engineering and Industrial Management. XXIII, Gijón, Spain, 
(2019) 
19. Xiaolin, L., Linnan, Y., Lin, P., Wengfeng, L., Limin, Z.: Procedia Engineering County Soil 
Fertility Information Management System Based on Embedded GIS, 29, 2388–2392 (2012)  
20. Satyanarayana, G. V.: Wireless Sensor Based Remote Monitoring System for Agriculture 
Using ZigBee and GPS, 2013(Cac2s), 110–114 (2013). 
21. Phillips, A. J., Newlands, N. K., Liang, S. H. L., Ellert, B. H.: Integrated sensing of soil 
moisture at the field-scale : Measuring, modeling and sharing for improved agricultural 
decision support. Comput. Electron. Agric., 107, 73–88 (2014).  
22. Liopa-tsakalidi, A., Tsolis, D., Barouchas, P.: Application of Mobile Technologies through 
an Integrated Management System for Agricultural Production. Procedia Technol., 8(Haicta), 
165–170 (2013).  
23. Yerpude, S., Singhal, T. K.: Impact of Internet of Things ( IoT ) Data on Demand Forecasting. 
Indian J. Sci. Technol., 10, 5 (2017).  
24. Wolfert, S., Ge, L., Verdouw, C., Bogaardt.: M. Big Data in Smart Farming – A review. 
Agric. Sys., 153, 69–80 (2017).  
8 <Authors> 
 
25. Castka, P., Balzarova, M.A.: ISO 26000 and supply chains-On the diffusion of the social 
responsibility standard. Int. J. Prod. Econ, 111(2), 274-286 (2008). 
26. Stock, T., Obenaus, M., Kunz, S., Kohl, H.: Industry 4.0 as enabler for a sustainable 
development: A qualitative assessment of its ecological and social potential. Process. Saf. 
Environ., 118, 254-267 (2018) 
27. Verdecho, M.J., Pérez, D., Alarcón F.: Proposal of a Customer-Oriented Sustainable 
Balanced Scorecard for Agri-food Supply Chains. 12th International Conference on 
Industrial Engineering and Industrial Management. Girona, Spain, July 12-13 (2018). 
28. Valcour, P. M., Hunter, L. W.: Technology, organizations, and work-life integration. In E. 
E. Kossek &  S. J. Lambert (Eds.), Work and Life Integration:  Organizational, Cultural, and 
Individual Perspectives (pp. 61-84).  Mahwah, NJ: Lawrence Erlbaum Asso (2005).  
29. Arntz, M., Gregory, T., Zierahn, U.: The Risk of Automation for Jobs in OECD Countries: 
A Comparative Analysis, OECD Social, Employment and Migration Working Papers, No. 
189, OECD Publishing, Paris (2016) 
30. Grubert, J., Langlotz, T., Zollmann, S., Regenbrecht, H.: Towards Pervasive Augmented 
Reality: Context-Awareness in Augmented Reality. IEEE Transactions on Visualization and 
Computer Graphics., 23. 1-1 (2016).  
31. Velthuis, A. G. J.: New approaches to food-safety economics. Dordrecht: Kluwer Academic 
Publishers (2003) 
32. Sándor, Z.P., Csiszár, C.: Development Stages of Intelligent Parking Information Systems 
for Trucks, Acta Polytechnica Hungarica., vol. 10, No. 4 (2013) 
33. Scognamiglio, V., Arduini, F., Palleschi, G., Rea, G: Biosensing technology for sustainable 
food safety. Trends Analyt. Chem., 62, 1–10 (2014) 
34. Brynjolfsson, E., McAfee, A: The Second Machine Age. Work, Progress, and Prosperity in 
a Time of Brilliant Technologies. W.W. Norton & Company. New York, London (2014). 
35. Smith, A., Caiazza, T.: Automation in Everyday Life. http://assets.pewresearch.org/ 
wpcontent/uploads/sites/14/2017/10/03151500/PI_2017.10.04_Automation_FINAL.pdf 
(2017) 
36. Hefferon, K.L.: Nutritionally enhanced food crops; progress and perspectives. Int . J.  Mol.  
S.,16, 3895-3914 (2015). 
37. Glass, S, Fanzo, J: Genetic modification technology for nutrition and improving diets: an 
ethical perspective, Curr. Opin. Biotech., 44, 46-51 (2017). 
38. Moe, T: Perspectives on traceability in food manufacture’, Trends Food Sci. Technol., vol. 
9(5), 211-214 (1998). 
39. Latino, M., Corallo, A., Menegoli, M.: From Industry 4.0 to Agriculture 4.0: How Manage 
Product Data in Agri-Food Supply Chain for Voluntary Traceability, A framework proposed. 
20th International Conference on Food and Environment (ICFE) Rome (2018). 
40. Linus, U. O.: Traceability in agriculture and food supply chain: A review of 
basic concepts, technological implications, and future prospects. J. Food Agric. Environ., 
1(1), 101-106 (2003). 
41. Maumbe, B. M., Okello, J.: Uses of Information and Communication Technology (ICT) in 
Agriculture and Rural Development in Sub-Saharan Africa: Experiences from South Africa 
and Kenya. IJICTRDA, 1 (1), 1-22 (2010) 
42. Dlodlo, N., Kalezhi, J.: The internet of things in agriculture for sustainable rural 
development, International Conference on Emerging Trends in Networks and Computer 
Communications (ETNCC) (2015). 
 
